Albarrán et al (2009a) introduced a novel methodology for the evaluation of citation distributions using a pair of high-and low-impact measures defined over the set of articles with citations below or above a critical citation level. Albarrán et al (2009b) presented the first empirical applications to a situation in which the world citation distribution in 22 scientific fields is partitioned into three geographical areas: the USA, the European Union, and the rest of the world. In this paper, we find that cardinal differences between the results obtained with our high-impact index and the mean citation rate are of a large order of magnitude. When, in addition, the percentage in the top 5% of most cited articles or the percentage of uncited articles are used, there are still important quantitative differences with respect to the highand low-impact indicators advocated in our approach.
introduced a novel methodology for the evaluation of research units of a certain size working in the same homogeneous field, namely, a scientific field where the number of citations received by any two papers is comparable independently of the journal where they have been published. The methodology is based on three points.
First, since citation distributions are highly skewed, their upper and lower parts are typically very different. 1 Consequently, it seems useful to describe a distribution by means of two real valued functions defined over the subsets of articles with citations above or below a critical citation line. These will be referred to as a high-and a low-impact indicator, respectively.
Second, a citation distribution can be identified with an income distribution: instead of individuals we have scientific articles, and instead of dollars we have citations. Once this step is taken, it can be seen that the measurement of low-impact coincides with the measurement of economic poverty, where the poor are defined as those individuals whose incomes are below a certain poverty line (which plays an analogous role to the critical citation line for a citation distribution). In turn, it is equally natural to identify the measurement of high-impact with the measurement of a certain notion of economic affluence.
Third, the question of which low-impact indicators might be used in practice can be answered in terms of a family of indices -originally suggested by Foster et al (1984) -that satisfies a number of desirable properties, and has been widely used for the measurement of economic poverty in the last 25 years. These same properties lead to the selection of an equally convenient class of high-impact measures.
For this methodology to be of interest in bibliometrics, we must demonstrate that it is useful in practice. Albarrán et al (2011b) presented the first empirical application of this approach using a large dataset acquired from Thomson Scientific for the evaluation of the citation impact in three geographical areas:
 The USA;  The EU, namely, the 15 countries forming the European Union before the 2004 accession; and  The remaining countries grouped in an area referred to as the rest of the world (RW hereafter).
In this paper we complete the illustrative nature of Albarrán et al (2011b) with a comparison of some of its main results with those that can be obtained using average-based and other indicators of scientific performance for the same dataset and the same partition of the world. 2 The only information required from research units in the approach advocated in Albarrán et al (2011a,b) is the homogeneous field to which each unit's publications belong and the number of citations each paper receives. In this scenario, the mean citation rate (MCR hereafter) is a good overall indicator of scientific performance. Consequently, the first empirical exercise in this paper compares the results obtained in Albarrán et al (2011b) with those obtained exclusively using the MCR. Ordinal and cardinal issues are typically raised. From an ordinal point of view, two questions are asked:
1. Within each homogeneous field, does it always follow that when a geographical area has a greater MCR than another, the former has also a greater high-impact and a smaller low-impact level than the latter? 2. Within a given geographical area, does the ranking of fields induced by a normalized MCR coincide with the ranking induced by a high-or a lowimpact indicator?
From a cardinal point of view, the typical issue refers to the extent to which one geographical area dominates another in a given homogeneous field. For example, the question is: by how much does the USA dominate the EU in physics according to a high-impact indicator and according to the MCR? It must be recognized that a single statistic of centrality -such as the MCR or the median -may not adequately summarize the asymmetries presented by a typically skewed citation distribution (see inter alia Bornmann et al, 2008 , and, in a different context, Glänzel, 2002 . In particular, authors from the Leiden group are very aware of the need to include in their battery of indicators some that capture what takes place at the tails of any citation distribution. Thus, together with average-based indicators, since its inception this group has always taken into account the papers published by a research unit that has received no citations at all (see, inter alia, Moed et al, 1985 , 1988 , 1995 , and Van Raan, 2004 .
More recently, the Leiden group has turned its attention to the upper tail of the distribution, and has introduced the percentage in the top 5% of the most highly cited papers as an indicator of scientific excellence (see Tijssen et al, 2002, and Van Leeuwen et al, 2003 , as well as Aksnes and Sivertsen, 2004) .
In this paper we will refer to the MCR and these two indicators as the Leiden triad. In the second empirical exercise of this paper the results in Albarrán et al (2011b) for high-and low-impact indicators are compared with the percentage of articles in the top 5% of highly cited papers, and the percentage of articles with no citations at all, respectively. As before, ordinal and cardinal comparisons are performed. 3 Our choice of a homogeneous field should be clarified at the outset. Naturally, the smaller the set of closely linked journals used to define a given research field, the greater the homogeneity of citation patterns among the articles included must be. Therefore, ideally one should always work at the lowest aggregation level that the data allows. In our case, this may mean the 219 Web of Science categories distinguished by Thomson Scientific. However, articles are assigned to Web of Science categories through the assignment of the journals where they have been published. Many journals are unambiguously assigned to one specific category, but many other typically receive a multiple assignment. As a result, only about 58% of the total number of articles published in 1998-2007 is assigned to a single Web of Science category (see Albarrán et al, 2011c) .
On the other hand, Thomson Scientific distinguishes between 20 broad fields for the natural sciences and two for the social sciences. Although this firm does not provide a link between the 219 Web of Science categories and the 22 broad fields, Thomson Scientific assigns each article in our dataset to a single broad field. Therefore, given the illustrative nature of our work at this point, both in Albarrán et al (2011b) and in this paper a homogeneous field is identified with one of the 22 Thomson Scientific broad fields. In this way, the thorny problems raised by the multiple assignments of articles to Web of Science categories, as well as the difficulties involved in the aggregation from the Web of Science to the broad field level, are provisionally avoided.
The rest of this paper is organized into three sections. Section 2 introduces the indicators and the methods that will be used in the empirical part of the paper. Section 3 presents the data and the empirical findings, while Section 4 discusses the results and offers some conclusions and extensions.
Notation, definitions and methods

Notation
A discrete citation distribution of papers published in a given year is an ordered, non-negative vector x = (x 1 , …, x i , …, x n ), where x 1  x 2 …  x n , and x i  0 is the number of citations received by the i-th article over a certain number of years since its publication date -a period known as the citation window. Given a distribution x and a critical citation line, z  0, classify as low-or high-impact articles all papers with citation x i  z, or x i > z. Denote by n(x) the total number of articles in the distribution, and by l(x; z) and h(x; z) = n(x) − l(x; z) the number of low-and high-impact articles. A low-impact index is a real valued function L whose typical value L(x; z) indicates the low-impact level associated with the distribution x and the critical citation line z, while a highimpact index is a real valued function H whose typical value H(x; z) indicates the high-impact level associated with the distribution x and the critical citation line z. We say that a high-impact (lowimpact) measure is monotonic if one more citation increases (decreases) its value.
The Leiden triad of indicators
Given a citation distribution x, and a critical citation line z = 95th percentile of the world citation distribution in that field, the high-impact index
is the percentage of articles in distribution x belonging to the top 5% of highly cited articles in the world. Similarly, given a citation distribution x, and a critical citation line z = 0, the low-impact index
is the percentage of articles without citations in that distribution.
It is important to understand that, not being monotonic, the mere percentage of articles satisfying some interesting condition -such as the indices defined in (1) and (2) -only captures what can be referred to as the incidence aspect of the phenomenon in question. 4 To appreciate this limitation, consider a numerical example where z is four, and there are two equalsized citation distributions with the same number of high-impact articles: (5, 6, 7) for distribution A and (9, 10, 15) for distribution B. A measure of highimpact that only takes into account the incidence aspect of that phenomenon will not distinguish between the two research units. For example, in the situation just described H(A; z = 4) = H(B; z = 4) according to the index defined in equation 1. However, a monotonic high-impact measure that takes into account not only the incidence but also the intensity aspect of this phenomenon would rank A below B. A similar example would show the analogous limitations of the low-impact index L(x; z = 0) introduced in equation 2.
Consider instead the MCR of the distribution x, μ(x), defined as
Since the MCR increases with the percentage and the total citations received by high-impact articles, it is sensitive to the incidence and the intensity aspects of a citation distribution. However, to see the limitations of indicators that only capture these two dimensions consider two research units C and D that are equally ranked in terms of both aspects of the high-impact phenomenon, and assume that most of the highly cited papers of unit C have a similar number of citations above the critical citation line, while a large part of the citations received by unit D are concentrated in a few articles of, say, Nobel-prize quality. In such situations it might be desirable that a highimpact measure takes into account the citation inequality among the set of high-impact papers, in which case unit D will exhibit a greater high-impact level than unit C. Of course, the MCR fails to respond to distributional changes at either tail of a distribution that maintains the MCR constant. 
The Foster, Greer and Thorbecke family of low-and high-impact indicators
Given a citation distribution x and a critical citation line z, the Foster, Greer and Thorbecke (FGT hereafter) family of low-impact indicators, originally introduced in Foster et al (1984) for the measurement of economic poverty, is defined by:
where β is a parameter identifying the members of the family, 
where β is again a parameter identifying the members of the family, * i = (x i − z )/z is the normalized highimpact gap. In this case, * i > 0 for high-impact articles, while * i = 0 for low-impact articles.
It will be sufficient to understand the differences involved in the use of members of these two classes for parameter values β = 0, 1, and 2. First, note that the high-and low-impact indices obtained when β = 0 coincides with the proportion of high-or lowimpact papers:
and
Of course,
changes, then L 0 (x; z) must change in the opposite direction. It should be noted that both the high-and low-impact indicators H 0 and L 0 only capture the incidence aspect of both phenomena. Second, consider the high-impact index corresponding to the parameter value β = 1, or the per-article high-impact gap ratio:
Similarly, the member of the FGT family of lowimpact indicators for β = 1, or the per-article low-impact gap ratio, is equal to:
Both H 1 and L 1 are seen to capture both the incidence and the intensity of these phenomena. Third, the high-and low-impact members of the FGT families obtained when β = 2 can be expressed as:
where (C H ) 2 and (C L ) 2 are the squared coefficient of variation (that is, the ratio of the standard deviation over the mean) among the high-and low-impact articles, respectively. In so far as the coefficients of variation C H and C L are two measures of citation inequality, the FGT indicators H 2 and L 2 defined in equations 8 and 9 simultaneously cover the incidence, the intensity, and the citation inequality aspects of the high-and low-impact phenomenon they measure. 
Methods
As indicated in the introduction, we distinguish between ordinal and cardinal comparisons. However, for reasons of space only a summary of ordinal comparisons will be included in the final Section 4, while the details are relegated to the Working Paper version of this paper (see Albarrán et al, 2010b) . As far as cardinal comparisons are concerned, recall from Albarrán et al (2011a) that the FGT family of high-impact indicators is decomposable in the sense that, given a critical citation line z, a parameter value β, and any partition of a citation distribution x = (x 1 , …, x K ) into K geographical areas, indexed by k = 1, …, K, the overall high-impact measure for x can be expressed as:
where H β (x k ; z) is the high-impact index value for geographical area k, and  k is the area's publication share in distribution x. Similarly, the overall lowimpact measure can be expressed as:
where L β (x k ; z) is the low-impact index value for area k. To adequately interpret the results below, it is important to make it explicit that, from a normative point of view, for any geographical area k it is preferable to have a high
In order to quantify the relative situation of any geographical area in a given field, it is convenient to refer to the ratio  k H β (x k ; z)/H β (x; z) as area k's observed contribution (OC hereafter) relative to the overall high-impact level for that β. We may ask: what is this area's relative expected contribution (EC hereafter) to that level? Clearly, the answer is its publication share  k . Thus, the ratio OC/EC = H β (x k ; z)/H β (x; z) is greater than, equal to, or smaller than one as area k's OC is greater than, equal to, or smaller than this area's EC, namely its publication share  k .
Similarly, the ratio
is greater than, equal to, or smaller than one as area k's OC is greater than, equal to, or smaller than area k's EC, or  k .
All indicators in the Leiden triad defined in equations 1, 2, and 3 are also decomposable. For example, for the MCR we have:
where μ(x k ) is the MCR in geographical area k. Note that the observed contribution of any area k relative to the overall level, OC, is equal to the share of total citations, s(x
Thus, given that the expected contribution of any geographical area, EC, is again its publication share,
is greater than, equal to, or smaller than one as the citation share s(x k ) is greater than, equal to, or smaller than this area's publication share  k . Similarly, for the indicators H(x; z = 95th) and L(x; z = 0), we have that for any geographical area the ratio of the observed to the expected contribution is greater than, equal to, or smaller than one as the area's share in the top 5% highly cited articles (or the set of uncited articles) in the world is greater than, equal to, or smaller than the area's publication share  k .
Empirical results
The data
In this paper, only research articles or, simply, articles are studied. For reasons explained in the introduction, the key assumption that permits the link between theoretical concepts and the data is the identification of homogeneous fields with the 20 natural sciences and the two social sciences distinguished by Thomson Scientific. After the elimination of observations with missing values for some variables, this paper refers to 3,654,675 articles published in the period 1998-2002 with a five-year citation window. The total number of citations amount to 28,296,113.
Articles are assigned to geographical areas according to the institutional affiliation of their authors as recorded in the Thomson Scientific database on the basis of what has been indicated in the by-line of the publications. In any field, an article might be written by one or more scientists working in only one of the three geographical areas, or it might be co-authored by scientists working in two or three of them. In every internationally co-authored article a whole count is credited to each contributing area. 7 
A comparison of Foster, Greer and Thorbecke indicators and mean citation rates
As indicated in the introduction, the empirical part of this paper consists of two exercises. The results obtained in Albarrán et al (2011b) will be first compared with those obtained using only the MCR. Taking into account the discussion in Section 2.4, we will assess the high-impact level achieved by different geographical areas in any field according to the two approaches by comparing the ratios μ(x k )/μ(x) and H β (x k ; z)/H β (x; z) when β = 0, 1, and 2, and the critical citation line is equal to the 80th percentile of the world distribution.
The Table 4A in Albarrán et al (2011b) , and will not be repeated here. Instead, the comparison between the two approaches is illustrated in Figure 1 : in each field and each geographical area, the three vertical bars reflect the ratios H β (x k ; z = 80th)/H β (x; z = 80th) for β = 0, 1, and 2; the left, center, and right bars are for the USA, the EU, and the RW, respectively; finally, the ratios μ(x k )/μ(x) appear as a horizontal line for each of the three geographical areas.
Let us first observe that, as indicated in Albarrán et al (2011b) , as β takes on the values 0, 1, and 2, the relative situation of all geographical areas is clearly affected. Specifically, the relative scientific performance of the USA is essentially reinforced for all sciences as β increases. The opposite is the case for the RW, while for the EU the results are more mixed. Nevertheless, except for some important exceptions, the high-impact performance of the EU leaves much to be desired as β increases.
In this scenario, Figure 1 clearly illustrates that judging the USA relative situation in terms of the MCR would seriously alter the results obtained Notes: (A) Contributions to MCRs in area k, MCR(x k )/MCR(x), k = USA, EU, RW (B) Contributions to the top 5% of highly cited articles in area k, H(x k , z = 95th)/H(x, z = 95th), k = USA, EU, RW (C) Contributions to the articles with zero citations in area k, L(x k , z = 0)/L(x, z = 0), k = USA, EU, RW * In any field and any column, a cell value is greater than, equal to, or smaller than one when the geographical area's observed contribution to the world level is greater than, equal to, or smaller than the area's publication share (or expected contribution) using the high-impact indicators, especially in the case of H 2 . For concreteness, columns 1 to 3 in Table 2 present the numerical differences between H 2 (x k ; z = 80th)/H 2 (x; z = 80th) and μ(x k )/μ(x). The discrepancies in the USA (column 1) amount to a percentage between 8% and 20% in ten fields, between 20% and 30% in nine fields, and between 30% and 40% in the remaining three fields. The difference is of a smaller order of magnitude for four fields in the EU and two fields -immunology and computer science -in the RW. However, the relative situation of the EU (column 2) would be more favorable according to the MCR in 11 fields by a relatively small percentage below 20%, and by a rather large margin above 22% in seven fields.
Finally, the ratio μ(x k )/μ(x) would present the RW (column 3) in a much more favorable position than the ratio H 2 (x k ; z = 80th)/H 2 (x; z = 80th) in as many as 20 fields.
By way of example, the consequences of these differences in the measurement of the gap between the USA and the EU in every field are explored. Columns 1 and 2 in Table 3 present the ratios H 2 (x k ; z = 80th)/H 2 (x l ; z = 80th) and μ(x k )/μ(x l ) for k = USA, l = EU, while column 3 presents the difference between these two columns in percentages. The fact that all entries in columns 1 and 2 are greater than one indicates that both measures agree that the USA has a greater high-impact than the EU. It is observed that the USA/EU gap according to our high-impact Relative mean citation rates appear as horizontal lines indicator H 2 is larger in every field, and in 14 out of 22 fields the difference is greater than 30%. From a cardinal point of view, the conclusion is that using only the MCR generates a very different solution from our approach to the evaluation problem. In the next sub-section, we investigate the consequences of using the remainder of the Leiden indicators.
A comparison of Foster, Greer and Thorbecke indicators and other Leiden indicators
It remains to explore the possibility of completing the MCR, as is done in the Leiden triad, with the percentage of articles in the top 5% of the world distribution, H(x k ; z = 95th), and the percentage of articles with no citations at all, L(x k ; z = 0), defined in equations 1 and 2, respectively. We begin with a discussion of high-impact indicators. Since H(x k ; z = 95th) coincides with H 0 (x k ; z = 95th), and the impact of changing the critical citation line from the 95th to the 80th percentile is small (see Albarrán et al, 2011b , as well as Figure 2 in Albarrán et al, 2010b , where the comparison of the two approaches for the two critical citation lines is illustrated). We proceed to compare H(x k ; z = 95th)/H(x; z = 95th) only with H 2 (x k ; z = 95th)/H 2 (x; z = 95th). Any discrepancy between the two measures can be unambiguously attributed to the fact that the first one does not take into account the intensity and the inequality aspects of the high-impact phenomenon. The main result is that, as with MCRs, in a majority of cases the USA appears worse off according to H(x k ; z = 95th)/H(x; z = 95th). However, the order of magnitude of this phenomenon is rather moderate. To see this, columns 4 to 6 in Table 2 present the differences between the two indicators in every geographical area and in every field. The worsening of the US situation is below 10% in seven fields, and above this percentage in only 12 cases (column 4). The relative position of the EU (column 5) would be improved upon in fewer fields than before, and by a smaller margin (in 11 cases below 20%, and in seven above that percentage). In the RW, the relative situation of immunology and computer science is still better according to H 2 , about the same in space science, and it is better according to the ratio H(x k ; z = 9th)/H(x; z = 95th) in the remaining 19 fields, but by a smaller margin than in column 3 (column 6).
As before, Table 3 explores the consequences of these differences for the USA/EU gap. Columns 4 and 5 present the ratios H 2 (x k ; z = 95th)/H 2 (x l ; z = 95th) and H(x k ; z = 95th)/H(x l ; z = 95th) for k = USA and l = EU, while column 6 presents the difference between these two columns in percentages. Both measures agree that the USA has a greater high-impact than the EU and -except in four fields, where column 6 is negative -the gap is larger according to our high-impact indicator H 2 . This difference is greater than 30% in only six cases.
As far as the low-impact phenomenon is concerned, Figure 2 illustrates the comparison between From a cardinal point of view the low-impact situations of areas k and l in any field can be compared by means of the ratios L(
The more remarkable fact is that according to the percentage of articles without citations the RW is worse off than according to the low-impact indicator. The EU and, above all, the USA are correspondingly better off according to the L(x k ; z = 0)/L(x l ; z = 0) ratio. The differences in every area between L 2 (x k ; z = 80th)/L 2 (x; z = 80th), and L(x k ; z = 0)/L(x; z = 0) are in columns 7 to 9 in Table 2 . They are greater than 20%, approximately, in six fields for the RW (column 9), four fields for the USA (column 7), and two fields for the EU (column 8). The implications of such differences for the USA/EU gap can be seen in Table 3 . Columns 7 and 8 present the ratios L 2 (x k ; z = 80th)/L 2 (x l ; z = 80th) and L(x k ; z = 0)/L(x l ; z = 0) for k = USA, l = EU and z = 80th percentile, while column 9 presents the difference between these two columns in percentages. Except in engineering, the fact that all entries in columns 7 and 8 are less than one indicates that the USA has a lower low-impact level than the EU. Using the percentage of articles without citations enhances the relative situation of the USA in 16 out of 22 cases, but except in two fields (neurosciences and behavioral sciences, and immunology) the differences between the two approaches are less than 25%.
In brief, in this particular dataset the percentage of articles in the top 5% worsens the relative situation of the USA and boosts that of the RW and, on most occasions, that of the European Union, while the percentage of articles without citations worsens the relative situation of the RW and improves that of the USA In many fields, the two approaches drastically alter the relative situation of different areas. Notes:
Conclusions and extensions
Conclusions
Albarrán et al (2011a) introduced a novel methodology for the evaluation of citation distributions in terms of a pair of high-and low-impact indicators. Albarrán et al (2011b) applied this approach to a situation in which the world is partitioned into the USA, the EU, and the RW using a large sample that covered the 22 broad scientific fields distinguished by Thomson Scientific. This paper has compared some of the main results in the latter with those obtained with alternative methodologies. We have first examined how far we can go using only the MCR. It turns out that, when the issue is ranking only three geographical areas in each field, except in two cases whenever one area has a greater MCR than another the first has a greater high-impact and a lower low-impact than the second according to the FGT indicators. However, the ranking of fields within a given geographical area according to a normalized MCR coincides with the ranking provided by the new indicators only for high-impact levels in the USA. 8 For cardinal comparisons, we have confronted the MCR with high-impact indicators.
For a reasonable critical citation line fixed in every field at the 80th percentile of the world distribution, the differences between the results obtained with the two approaches are of a large order of magnitude: the discrepancies are greater than 20% half Under the mean citation rate criterion the US situation systematically worsens, especially in physics, mathematics, and materials science, while the situation in the EU considerably improves in economics and business, and computer science of the time. Consequently, in most fields the view according to both procedures is very different indeed. In particular, under the MCR criterion the US situation systematically worsens, especially in physics, mathematics, and materials science, while the situation in the EU considerably improves in economics and business, and computer science. Correspondingly, the USA/EU gap is greater according to our high-impact indicator in all fields, and by more than 38% in these five fields. Relative contributions to the percentage of uncited articles appear as horizontal lines
These results are somewhat at variance with the impression offered in Moed et al (1995) for relatively small research units within a field:
Preliminary results suggest that the mean of the distribution correlates rather well to other statistics of the distribution, such as the median, the percentage of papers not cited, and the 90th percentile.
These important differences in the results are the consequence of the differences in the characteristics of the two approaches. In the first place, the MCR is defined over the entire distribution while the high-impact indicators are defined only over highimpact articles. In the second place, contrary to the third member of the FGT family of high-impact indicators when β = 2, the MCR is not sensitive to distributional considerations. In our opinion, one plausible interpretation of the situation is that a mean-based indicator alone does not suffice to adequately represent what takes place in highly skewed citation distributions. This conclusion justifies the use of other, complementary indicators, such as those included in the Leiden triad.
The percentage of articles among the top 5% ranks the three areas in every field exactly as the new high-impact indicators do. Similarly, the percentage of articles without citations orders all areas in every field exactly as our low-impact indicators do. At least for the USA and the EU, the ranking of fields according to these two percentages coincides with the ranking provided by the new high-and low-impact indicators, respectively. However, due to the fact that these percentages do not capture the intensity and the citation inequality of the phenomena in question, there are still large differences between the geographical areas' relative situation according to both approaches.
First, as with the MCR, the relative situation of the USA appears as much weaker when the percentage of articles in the top 5% is used. Correspondingly, the relative situation of the EU and, above all, the RW appears reinforced. In almost one third of the cases the differences between the two approaches are greater than 20%, and there are distortions in about 13 of the 22 fields. The differences between the two approaches in the measurement of the USA/EU gap are greater than 30% in six cases, and between 20% and 30% in 11 additional fields. Second, differences between the results obtained with the percentage of uncited articles or our preferred low-impact indicator are not that large: they are greater than 20% in only 16.5% of the cases, and there are serious distortions in only six fields. The main impact of using the Leiden rather than the lowimpact indicator is to exaggerate the bad situation of the RW. Similarly, the differences between the two approaches in the measurement of the USA/EU gap are greater than 15% in only six fields.
In brief, for the ranking of only three areas in each field, or the ranking of fields within relatively homogeneous areas such as the USA or the EU, following the Leiden or the new approach produces very similar results. However, considerable differences arise when the aim is the cardinal comparison of each area's relative situation. As Moed et al (1995) eloquently point out (after evaluating research groups for many years using the MCR and the percentage of articles without citations):
An important step would in fact be to develop indicators of the impact of a group's very best articles, and compare the results to those obtained by applying the citation per publication ratio. This is indeed the step taken in important papers that have been already referred to, namely, Tijssen et al (2002) and van Leeuwen et al (2003) . In our view, this is also the step that our methodology has attempted to take by introducing high-impact indicators. The difference, of course, is that we have provided an integrated framework in which the entire citation distribution can be conveniently described by a pair of high-and low-impact indices whose properties have been fully described and have proved to be useful in the empirical work. Furthermore, as indicated in Albarrán et al (2011b) , the approach can be profitably extended to cover the analysis of inter-temporal trends, as well as the search for dominance results valid for any critical citation line and any high-or low-impact indicator in a wide class of admissible indices.
Extensions
1. It should be clear that one of the novelties of the approach advocated here is that members of the FGT families when the parameter β is equal or greater than two vary directly with citation inequality. However, the sensitivity to citation inequality may result in drawbacks of its own. FGT and similar high-impact indices may become very sensitive to extreme observations, namely, to the presence of one or a few articles with a phenomenal number of citations (see Albarrán et al, 2011b) . More research is needed to learn about the robustness of the results obtained with FGT indicators to the trimming of a handful of observations. At the same time, it might be interesting to use FGT high-impact measures in connection with other indicators that are robust to extreme observations.
2. In the first application of the new approach, it has been natural to exploit the additive decomposability of the FGT indicators to a small partition of the world into three geographical areas. Beyond the extension to the many countries case, the practical interest of the new approach should also be tested in the evaluation of smaller research units, such as the research groups or institutes that have occupied much of the attention of the Leiden group and other authors in bibliometrics. 3. Even more necessary is to address the comment from one referee that the main results of the paper could be translated as that the USA is disproportionally active in the highest-impact subject categories within the 22 broad fields selected. Further research should start by identifying homogeneous fields with Web of Science categories or similar sub-field notions in other datasets, and should also confront the aggregation problems and alternatives from the sub-field to the broad-field level in the presence of the multiple assignment of articles to sub-fields at the lowest aggregation level.
